Although fever is known to be associated with definite alterations in the circulation and metabolism of the body as a whole and of certain individual organs, there have been few observations on the changes occurring in the brain during fever. An increase in the cerebral arteriovenous oxygen difference was found in 15 patients with dementia paralytica during fever produced by typhoid vaccine and inductotherm (1) . It was suggested that the brain in these patients either responded to fever with a rise in metabolism greater than other parts of the body or else the cerebral blood flow is slower during fever, thus accounting for a larger arteriovenous difference. Looney and Borkovic (2) , however, found a slight decrease in the cerebral oxygen arteriovenous difference in 12 patients with dementia paralytica undergoing diathermic fever treatment, but they did not believe that these changes were significant. The oxygen consumption of brain tissue in vitro has been found to increase with temperature at levels lower than normal (3) . At temperatures greater than normal, however, conflicting results have been obtained by different investigators (3, 4) .
The present report presents studies on the effects of induced fever on the cerebral circulation and oxygen consumption in 27 patients with neurosyphilis.
METHODS
The control subjects and some of the patients with neurosyphilis in the present investigation were among those considered in a previous report in which the cerebral blood flow and oxygen consumption were determined before and after treatment for neurosyphilis (5) . Fourteen of the patients in the present study had dementia paralytica and 13 had asymptomatic neurosyphilis. Fever was induced by the intravenous injection of typhoid bacterial pyrogen in all of the patients except two with dementia paralytica, who were inoculated with malarial parasites. The typhoid pyrogen employed was a suspension of heat-killed E. typhosa, containing approximately one billion organisms per cubic centimeter. The amount injected intravenously was 0.1 cc. This usually produced a chill followed by a rise in temperature to 1010 F. -1040 F. Temperature measurements were made with a continuously-indicating rectal thermometer.
Comparative cerebral blood flow determinations were made in each patient during normal temperature and during the flush phase of fever. These studies were carried out on the same day in seven patients and on different days in the remaining cases. The determinations were made at the height of the fever, usually four hours after the injection of the pyrogen. Care was taken to avoid making studies during or shortly after the chill phase. The interval between the administration of pyrogen and the cerebral blood flow studies was approximately the same in both groups of patients. In the two patients with malarial paroxysms the temperature began -to rise three to four hours before the studies were made. The mean elevation of temperature in the patients with dementia paralytica was the same as in those with asymptomatic neurosyphilis and measured 3.9°F. In most of the patients the cerebral blood flow studies were performed before the administration of either penicillin or fever therapy for neurosyphilis.
The clinical manifestations, spinal fluid findings and duration of neurosyphilis in the patients were generally the same as those of the patients considered in the preceding report (5) . The patients with dementia paralytica had a mean age of 41 years, and those with asymptomatic neurosyphilis, 37 years.
The nitrous oxide method of Kety and Schmidt (6) , with the slight modifications previously described (5), was used for the determination of cerebral blood flow (CBF). Cerebral oxygen consumption' (CMRO2) was obtained from this value and the cerebral arteriovenous oxygen difference. The analyses of blood for nitrous oxide were done by the method of Orcutt and Waters (7) , as modified by Kety and Schmidt, and analyses for carbon dioxide and oxygen were carried out separately by the manometric techniques given by Peters and Van Slyke (8) . Mean arterial blood pressure was measured with a damped mercury manometer. Cerebral vascular resistance (CVR) was calculated by dividing the mean arterial pressure by the cerebral blood flow. The period of inhalation of nitrous oxide was increased to 14 minutes in most of the patients during fever in order to detect increased extracerebral contribution to the internal jugular blood. The fall in CBF between 10 and 14 minutes was not of such magnitude as to indicate excessive amounts' of blood from extracerebral sources. The mean cerebral blood flow (CBF) in the patients with asymptomatic neurosyphilis when afebrile was 57 cc./100 Gm. brain/min., a value almost identical with that of the control subjects (Table I) . During fever the mean CBF in the patients with asymptomatic neurosyphilis remained practically unchanged (Figure 1 ). In contrast, the patients with dementia paralytica had the low CBF value of 39 cc./100 Gm./min. before fever; this value increased in the febrile period and reached an average figure of 51 cc. (p < .02).
In general, the paretic patients with the greatest degree of mental deterioration showed the lowest blood flow values in the afebrile period and had the greatest increase with fever. Three patients with asymptomatic neurosyphilis of more than 10 years duration also had low CBF values which increased during fever. This correlation between the level of the CBF in the afebrile period and the magnitude and direction of change with fever is shown in Figure 2 No correlation was found between the change in CBF and the degree of temperature elevation within the range of 1010 F. to 1040 F. observed in our patients. No information was obtained as to the effect of fever of long duration, since the studies were performed approximately four hours after injection of the pyrogen.
The mean arterial blood pressure fell in every patient during the period of fever. The average decrease was 23% in the patients with asymptomatic neurosyphilis and 10% in those with dementia paralytica. In the individual patients the change in blood flow from its afebrile value correlated poorly with the change in mean arterial pressure. In fact, a number of patients showed a rise in cerebral blood flow despite a fall in arterial pressure during fever.
Cerebral oxygen consumption. The mean cerebral oxygen consumption in the patients with asymptomatic neurosyphilis was normal in the afebrile state and showed almost no change during fever (Figure 3 ). The Unlike the cerebral blood flow, the change in oxygen consumption in the individual patient during fever showed very poor correlation with the CMRO2 in the afebrile state. This was true in both groups of patients. There was, however, some tendency, particularly in the patients with dementia paralytica, for the change in oxygen consumption with fever to correlate with both the direction and magnitude of the change in blood flow.
The relationships between the values of the cerebral blood flow and oxygen consumption showed interesting differences in the two groups of patients (Figure 4 ). In the asymptomatic patients the correlation at normal body temperature was poor (r = .48). During fever, however, a good correlation (r = .84) was found between these functions. This re-alignment was brought about by changes in both flow and oxygen consumption in nearly every patient. The patients with dementia paralytica showed a fairly good cor- cardiac output, and in renal and hepatic blood flow. These changes occur even in the absence of fever. The relative importance, therefore, of temperature elevation versus pyrogenic material as factors producing the changes observed in our patients, cannot be assessed at present. The question also arises whether the changes observed in the patients with asymptomatic neurosyphilis during fever are comparable to those of normal individuals. Five of the 13 patients with asymptomatic neurosyphilis were under 33 years of age and were known to have had syphilis for less than six years. These patients, furthermore, showed no evidence of hypertension or of vascular disease. In view of these facts and the prolonged period required for the development of the neurosyphilitic process, it seems likely that in these five patients the blood vessels and parenchyma of the brain were either normal or were involved only to a minimal degree. The observations on this group lead us to the tentative conclusion that in normal individuals the cerebral blood flow and oxygen consumption change very little in pyrogen-induced fever.
The cardiac output is known to increase during fever produced by typhoid bacterial pyrogen (11) and it is probable that this also occurred in our patients. Since the mean CBF in the patients with asymptomatic neurosyphilis during fever did not change significantly, it is obvious that the brain in these patients did not obtain a share of the increase in cardiac output. There was, nevertheless, evidence that readjustments in the cerebral vessels did take place during fever. Dilatation of these vessels apparently occurred, since the cerebral blood flow remained unchanged despite a 23% fall in mean arterial pressure in these patients.
It seems likely that the increase in cerebral blood flow in the patients with dementia paralytica during fever was likewise the result of cerebral vascular dilatation. In these patients the vascu- It is apparent, therefore, that despite the structural alterations in the cerebral vessels in dementia paralytica, considerable changes in vascular caliber are still possible.
The mean oxygen consumption of the brain in the patients with asymptomatic neurosyphilis did not increase during fever, even though the metabolism of the body as a whole is known to increase by approximately 7 to 9%o per degree Fahrenheit temperature elevation (12, 13) . It is possible that the need of the brain for oxygen is not consistently increased during fever. This might account for the failure of the cerebral blood flow to increase. On the other hand, it is possible that the cerebral blood flow is the factor which limits the oxygen consumption. Since the CBF remained unchanged during fever, cerebral oxygen consumption could be increased only by a greater extraction of oxygen per unit volume of blood, with a consequent fall in oxygen tension.
The correlation during fever between CBF and CMRO2 in patients with dementia paralytica was not as good as that in asymptomatic neurosyphilis. This suggests that the presence of cerebral vascular disease alters the circulatory adjustments in fever. In spite of the damage produced by dementia paralytica the brain was still capable of increasing its metabolic processes during fever. Even the patients with the greatest reduction in CMRO2 and, therefore, presumably with the most marked cerebral damage, were capable of increasing their cerebral oxygen consumption.
The increased cerebral blood flow in dementia paralytica during fever may be a factor in the production of the beneficial effects of fever therapy in these individuals. Patients with asymptomatic neurosyphilis, however, show improvement in spinal fluid findings following fever therapy, despite the fact that their mean CBF is not increased. It is therefore probable that the therapeutic effects of fever in neurosyphilis are not brought about solely by changes in cerebral blood flow. SUMMARY 1. Fever was induced by typhoid bacterial pyrogen or malaria in 13 patients with asymptomatic neurosyphilis and 14 patients with dementia paralytica. The effects on the cerebral blood flow (CBF) and cerebral oxygen consumption (CM RO2) were determined.
2. Patients with asymptomatic neurosyphilis had a normal CBF and CMRO2 in the afebrile state, and showed only minimal changes during fever. Patients with dementia paralytica, however, showed CBF and CMRO2 values which were abnormally low in the afebrile state, but which increased on the average by 30% and 24%, respectively, during fever.
3. It is apparent that the brain in asymptomatic neurosyphilis does not share in the increases in cardiac output and total body metabolism which are known to occur during fever. The tentative assumption is made that the normal brain has a response to fever similar to that of patients with asymptomatic neurosyphilis.
4. The possibility that the beneficial effects of fever therapy in dementia paralytica are in part related to the increase in cerebral blood flow is considered.
